f^'mr/PTO as JUL 2005 



(12) INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Date (10) International Publication Number 

29 July 2004 (29.07.2004) PCX WO 2004/063637 Al 




(51) International P&tent ClassifiGation^: F24H 1/00, 1/20 

(21) International Application Number: 

PCT/NL2003/000879 

(22) International Filing Date: 

11 December 2003 (11.12.2003) 

(25) Filing Language: Dutch 

(26) Publication Language: English 

(30) Priority Data: 

1022347 10 January 2003 (10.01.2003) NL 

(71) Applicant (for all designated States except US): FERRO 
TECHNIEK HOLDING B.V. [NUNL]; Bremstraat 1. 
NL-7011 AT Gaanderen (NL). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): KAASTRA, Simon 

[NL/NL]; Koendersweg 2, NL-7091 HV Dinxperlo (NL). 

(74) Agent: LANGENHUUSEN, Bastiaan, Wllhehnus, 
Herman; Patentwa-k B.V., P.O. Box 1514, NL-5200 BN 
's-Hertogenbosch (NL). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR, 
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB. GD, 
GE, GH, GM, HR. HU. ID. IL. IN, IS, JP. KE. KG. KP, KR, 
KZ. LC, LK. LR, LS, LT, LU, LV. MA. MD, MG, MK, MN, 
MW, MX, MZ, NT, NO, NZ, OM, PG, PH, PL, FT, RO, RU, 
SC. SD. SE. SG, SK, SL, S Y, TJ. TM, TN, TR, TT, TZ, UA, 
UG, US, UZ. VC. VN, YU. ZA. ZM. ZW. 

(84) Designated States (regional): ARIPO patent (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FT, FR, GB, GR, HU, IE, FT, LU, MC, NL, PT. RO, SE, 
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA. 
GN, GQ, GW. ML, MR, NE, SN, TD. TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: DEVICE FOR HEATING LIQUIDS AND ASSEMBLY FOR USE IN SUCH A DEVICE 



10 



(57) Abstract: The invention relates to a device for heating liquids, 
comprising: a first liquid container for liquid for heating, and a heat- 
ing element connected to the first liquid container. The invention also 
relates to an assembly for use in such a device. Such a heating device 
can be applied in diverse electrical appliances for heating liquids. 
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Device for heating liquids and assembly for use in such a device 

The invention relates to a device for heating liquids, comprising a first Uquid container 
for liquid for heating, and a heatmg element connected to the first hquid container. The 
5 invention also relates to an assembly for use in such a device. 

The device referred to in the preamble has been known for a long time. The appUcations 
of this device can also be very diverse in nature. Such heating devices are thus already 
applied for instance as, or as component, m water kettles, dish washers, washing 

10 machines, coffee-making machines and the like. A known drawback of the known 

devices which are (partiaUy) adapted to heat Hquids is the deposition of contaminants, 
such as limescale and soap residues and the like, on the heating element. The heat 
transfer from the heating element to the liquid for heating is considerably impeded by 
the deposition of contaminants on the heating element. Heating of the liquid to a desired 

15 temperature will therefore generally require more time and energy, which is cosfly and 
may be accompanied by overheating of the heating element. 

The invention has for its object to provide an improved heating device with which a 
relatively stable heat tiransfer can be reahzed in contix)lled manner, whereby overheating 
20 can be avoided. 



The invention provides for this purpose a device of the type stated in the preamble, 
characterized in that the heating element is coupled to a second liquid container, which 
second Uquid container is at least partiaUy fflled with an intermediary Uquid, and 

25 wherein heat transfer from the heating element to the Uquid for heating takes place at 
least substantially via the intermediary Uquid. Heating of the Uquid for heating via the 
intermediary Uquid has the substantial advantage that the heating element per se 
remains substantially unaffected, since direct physical contact between the heating 
element and the Uquid for heating is prevented. No deposition on tiie heating element of 

30 components present in tiie Uquid for heating wiU tiierefore occur. The fact that the 
heating element remains unaffected generaUy has the result that at least a substantial 
part of tiie heat produced by tiie heating element will be ti-ansfened to the intermediary 
Uquid. The intermediary Uquid wiU tiien (partiaUy) evaporate to an intermediary gas 
fraction formed by vapour bubbles, whereafter the vapour bubbles wiU then rise via or 
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through the intermediary Uquid and subsequenfly condense at a relatively cool location. 
i.e. generally at the position of the first Uquid container, while generating condensation' 
heat to the liquid for heating. It is noted that the Uquid for heating can be of very diverse 
nature. Water for instance can thus be heated using the de\'ice according to the 
5 invention, but also oU or other Uquids which may or may not be viscous, and 

dispersions (such as an emulsion or suspension). It is also possible to heat soUds, such 
as food, present in the Uquid using the device according to the invention. The heating 
element wiU usuaUy only be in contact with the relatively pure intermediary Uquid. 
Direct physical contact between the heating element and the intermediary Uquid is not 
however essential. A relatively good thermal contact is however essential. By applying 
a heating element which is at least substantiaUy always clean a maximum heat transfer 
WiU therefore always be possible from heating element to intermediary Uquid. 
Furthermore, as the heating element remains relatively clean after (frequent) use, the 
Ufespan of a heating element appUed according to the invention is generally much 
15 greater. 

In a preferred embodiment, tiie second Uquid container foims a physical separation 
between the heating element and the first Uquid container. As akeady noted, the 
intermediary Uquid may or may not be in contact with the heating element. The design 

20 of both the heating element and the second Uquid container can be very diverse and 
depends particularly on the appUcation of tiie device. In a particular preferred 
embodiment, flie heating element is at least substantiaUy enclosed by the second Uquid 
container. This particular preferred embodiment is generally advantageous since 
(aUnost) aU, or at least a large part, of the heat produced by the heating element can be 

25 absorbed by the intermediary Uquid, whereby the heat tiansfer efficiency can be 
optimized. 

The intermediary Uquid is preferably formed at least substantiaUy by water, in particular 
relatively pure water. Since deposition of components present in tiie intermediary Uquid 
30 has to be prevented, or at least countered, tiie intermediary Uquid has to be at least 

substantiaUy free of ions or otiier dispersed particles which form a precipitate relatively 
quickly in increased temperature conditions. It is however also possible to envisage tiie 
use of other Uquids as weU as water. 
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In the second Uquid container an underpressure is preferably present at room 
temperature and under atmospheric conditions. It wiU thus be possible to only partially 
fill the second liquid container with the intermediary liquid, and a remaining part of the 
liquid container will be formed by an intermediary gas, in particular intermediary 
5 vapour, corresponding to the intermediary liquid. During operation of the device the 
intermediary Uquid in the second liquid container is heated by the heating element, 
whereby evaporation of (a part of) the intermediary Uquid will take place. The resulting 
intermediary vapour wiU condense against the relatively cool second Uquid container 
and generate condensation heat. The heat absorbed by the second Uquid container is 

10 then relinquished to the Uquid for heating received in the first Uquid container. Vapour 
formation or gas formation in the intennediary Uquid thus plays an important part 
during the heat transfer from the heating element to the Uquid for heating. The applying 
of an underpressure in the second Uquid container reduces the boiUng point of the 
intermediary Uquid and thus enhances vapour bubble formation, and therefore also the 

15 heat transfer. It is noted that tiie amount of intermediary liquid is preferably sufficient to 
prevent the heating element boiUng dry, also for instance in the case the device is in 
incUning position. In tiie case for instance no underpressure is appUed in the second 
Uquid container, tiie intermediary gas (vapour) in equiUbrium witii tiie intermediary 
Uquid can also form part of a different gas, such as atinospheric air. 

20 

In a preferred embodiment, tiie second Uquid container is at least partiaUy deformable, 
particularly at a relatively high temperature of tiie intermediary Uquid. Since tiie second 
Uquid container generaUy becomes relatively warm during use of tiie device, deposition 
of components present in tiie Uquid for heating, such as Umescale. can also take place 
25 on flie second Uquid container. By giving tiie second Uquid container a (sUghtiy) 
flexible form, precipitate formed on tiie second Uquid container can be loosened by 
vibration and long-tenn deposition on tiie second Uquid container can be prevented, or 
at least countered. Deforming of tiie second Uquid container can for instance be reaUzed 
by vapour bubbles fonned in flie intermediary Uquid which 'colUde' wifli tiie second 
Uquid container, whereby it will begin to vibrate. It is however also possible to envisage 
manufactimng tiie second Uquid container firom material which deforms reversibly at 
tiransitions in temperature. An additional advantage of causing sUght deformation and at 
least partial vibration of flie second Uquid container is tiiat vapour bubbles formed in tiie 
intermediary Uquid can hardly remain 'attached* to tiie second Uquid container. IMs 
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phenomenon is also referred to as 'vapour lock'. Clinging of the vapour bubbles to the 
second Uquid container generally reduces the heat-transferring capacity of the second 
liquid container considerably. 



In another preferred embodiment the heating element is positioned at a distance from 
the first Uquid container. Such a positioning of the heating element has die advantage 
that a seal positioned between the heating element and the first Uquid container can be 
arranged at a relatively cool position, and thus at a distance from the heating element. 
10 The seal will herein not degenerate, or hardly so, as a result of the only small thermal 
fluctuations, which generally enhances the lifespan. 

In yet another preferred embodiment, the device is provided with a safety provision to 

prevent overheating of the device. This safety provision can for instance be formed by a 
15 temperature sensor in the heating element, a steam sensor or a pressure sensor in flie 
second Uquid container. In addition, it is also conceivable to measure the deformation, 
optionally per unit of time, of die second Uquid container as a measure for die 
temperature prevaiUng in the intermediary vapour. 

20 The second Uquid container is preferably provided at least partiaUy with a profUed 
surface. By giving the surface of the second Uquid container a profiled, in particular 
ribbed form, die contact surface of the second Uquid container with die Uquid for 
heating is enlarged, whereby die heat absorbed by die second Uquid container can be 
generated more efficiently to die Uquid for heating. It is however also possible to 

25 envisage providing die second Uquid container witii one or more protiiiding parts in 

order to enlarge die contact surface, and diereby die heat transfer per unit of time, of die 
second Uquid container with respectively to die Uquid for heating. 



30 



The second Uquid container preferably takes an at least substantially rod-Uke form. A 
rod-Uke second Uquid container generally has die property of being relatively pressure- 
resistant. A second Uquid container of odier form can also be appUed in addition to a 
rod-like second Uquid container. 
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In a preferred embodiment the second liquid container is mianufactured at least partially 
firom a relatively smooth stainless steel. Deposition on the second Uquid container of 
precipitate from the Uquid for heating can be prevented, or at least countered, by 
applying a second Hquid container manufactured from a relatively smooth stainless 
5 steel, whereby the heat transfer from the second Uquid container to the Uquid for heating 
wiU not generally be impeded by precipitate. A second Uquid container manufactured 
from smooth stainless steel is moreover usuaUy relatively simple to clean. In addition to 
stainless steel, it is also conceivable to apply otiier temperature-resistant materials for 
manufacture of tiie second Uquid container, which materials are preferably also 
10 provided with a surface which prevents, or at least counters, adhesion of soUds. 

In a preferred embodiment the heating element is connected non-releasably to the 
second Uquid container. The non-releasable connection can for instance be reaUzed by a 
welded connection. Before the second Uquid container is sealed medium-tightiy, it is 

15 filled, preferably partially, witii the intermediary Uquid and an underpressure is 

optionaUy appUed in tiie second Uquid container. In another preferred embodiment 
however, tiie second Uquid container is connected releasably to tiie heating element. 
Such a preferred embodiment makes it possible to replace or clean tiie mtermediary 
Uquid and/or the second Uquid container after a determined period of time. Such a 

20 preferred embodiment furthermore makes it possible in simple manner to carry out 
maintenance work on tiie heating element. A seal is preferably arranged between tire 
second Uquid container and tiie heating element in order to seal tiie second Uquid 
container medium-tightiy. The seal can for instance be formed by a rubber ring. 

25 The invention also relates to an assembly of a heating element and a second Uquid 
container for use in tiie above stated device. The assembly can tiien be fitted in a first 
Uquid container to form tiie device according to tiie invention. 

The invention will be elucidated witii reference to non-Umitative exemplary 
30 embodunents shown in tiie foUowing figures, in which: 

figure 1 shows a cross-section of a first embodiment of a water ketfle provided witti a 
heating device according to tiie invention, 

figure 2 shows a cross-section of a second embodiment of a water ketfle provided witii a 
heating device according to tiie invention, and 
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figure 3 shows a cross-section of a fiist embodiment of a dish washer provided with a 
heating device according to the invention. 

Figure 1 shows a cross-section of a first embodiment of a water kettie 1 provided with a 
5 heating device 2 according to the invention. Water kettie 1 comprises a first liquid 

container 3 for water for heating 4. Heating device 2 comprises a heating element 5 and 
a second liquid container 6 provided with an intermediary liquid 7. As shown clearly in 
figure 1, the second liquid container 6 forms a physical separation between heating 
element 5 and tiie water for heating 4 in tiie first Uquid container 3. Heating of water 4 

10 will flius always take place by means of heat tiransfer from heating element 5 to the 
water for heating 4 via the second liquid container 6 and the intermediary liquid 7 
received therein. In this manner deposition of the components present in the water for 
heating 4, such as for instance deposition of limescale, on heating element 5 can be 
prevented. The great advantage hereof is that the capacity (progression) of heating 

15 element 5, and thus of water kettle 1, to transfer heat to the water 4 for heating remains 
at least substantially constant. It is however essential tiiat a relatively pure intermediary 
liquid 7 is applied, in order to prevent, or at least minimize, deposition of the 
components present in intermediary liquid 7. The second liquid container 6 is provided 
with an at least substantially fully closed housing 8, which housing 8 is partially filled 

20 with intermediary hquid 7. An intermediary gas fraction 9, in particvUar a vapour phase 
of intermediary liquid 7, will therefore always be present above intermediary liquid 7. 
An underpressure is preferably applied in the second liquid container 6. The advantages 
of an applied underpressure have already been described above. A variety of liquids, 
such as for instance water, alcohol and oil, can be applied as intermediary liquid 7. As 

25 will be apparent, the intermediary Uquid 7 in the shown embodiment is not in physical 
contact witii heating element 5, but is however in good thermal contact. The 
intermediary Uquid 7 wiU thus be heated via housing 8 by heating flie heating element 5. 
The relatively warm housing 8 and intermediary Uquid 7 tiien tiransfer heat (in small 
measure) to the water for heating 4. With sufficient heating of intermediary Uquid 7, 

30 vapour bubbles will be formed in intermediary Uquid 7 close to heating element 5. The 
vapour bubbles wiU subsequentiy rise and eventuaUy colUde witii a part of housing 8. 
Upon this coUision the formed vapour bubbles will condense while reUnquishing 
condensation heat to a part of housing 8 in contact with the water for heating 4. The 
heating of a Uquid by means of condensation heat is generally relatively efficient. 
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Housing 8 can be manufactured ftom diverse materials or ftom a combination of 
materials. At least a part of housing 8 in contact with the water for heating 4 preferably 
takes a sUghtly thin-waUed and flexible form. Precipitate deposited on a side of housing 
8 remote firam the intermediary Uquid 7 wiU generaUy be removed as a result of 
J vibrations of housing 8 caused by the coUision with housing 8 of vapour bubbles from 
intermediary Uquid 7. It is also possible to envisage manufacturing housing 8 from a 
material with a relatively high coefficient of expansion. As a consequence of 
temperature change, material deformation (expansion or contraction) of housing 8 wiU 
then take place relatively quickly, whereby precipitate deposited on housing 8 will 
usually also be removed from housing 8 independently. In this manner the heating 
device 2 thus acquires a kind of self-cleaning capabiUty. 



15 
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Figure 2 shows a cross-section of a second embodiment of a water kettle 10 provided 
with a heating device according to the invention. Water kettle 10 comprises a first Uquid 
container 11 for water to be heated 12. and a heating device 13 for heating the water to 
be heated 12. Heating device 13 is arranged in an opening arranged in the first Uquid 
container 11. For sufficient seaUng of this opening the heating device 13 is positioned in 
the opening with clamping fit and via a seaUng ring 14. Heating device 13 comprises a 
heating element 15 and a boiler 16 connected to heating element 15, which boiler 16 is 
partially fiUed with an intennediary Uquid 17. Other than in figure 1, the intermediary 
Uquid 17is now in direct (physical) contact with heating element 15. Boiler 16 takes a 
substantiaUy conical form and is preferably manufactured from a material which allows 
reversible deformation during temperature fluctuations. Examples of such materials can 
be for instance plastic or metal. Deformation of boUer 16, or at least a part thereof, 
25 during temperature fluctuations prevents deposition of scale (precipitate) on boiler 16 
fiom the water to be heated 12. In the shown embodiment the heating element 15 Ues at 
a distance from the first Uquid container 11, which is generaUy particularly 
advantageous since the seaUng ring 14 is then also positioned at a distance from heating 
element 15, and thus at a relatively cool location. SeaUng ring 14 usuaUy degenerates 
relatively rapidly with considerable temperature fluctuations, which is now largely 
prevented. The operation of the water kettie 10 shown in figure 2 corresponds 
substantially to that of the water kettie 1 shown in figure 1. It wiU therefore not be 
described further here. 
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Figure 3 shows a cross-section of a first embodiment of a dish washer 18 provided with 
a heating device 19 according to the invention. Heating device 19 is positioned at least 
substantiaUy wholly in a washing chamber 20 of dish washer 18. Heating device 19 
comprises an at least substantiaUy cylindrical second liquid container 21 and a heating 
5 element 22 positioned at least substantially co-axially in the second Uquid container 2 1 . 
The second liquid container 21 is partially filled with an intermediary liquid 23 and the 
remaining part is filled witii an intermediary gas fraction 24 corresponding witii the 
intermediary liquid 23. A pressure sensor 25 is arranged in intermediary gas fraction 24 
to prevent overload of heating device 19. Heating element 22 is connected to a voltage 

10 supply (not shown). Heating device 19 is adapted such that tiie second Uquid container 
21 is connected releasably to heating element 22, so as to enable maintenance 
operations or replacement of components. Heatmg element 22 now takes a rod-Uke 
form. It is Ukewise possible to envisage using heating elements of other form, such as 
for instance spiral-shaped, plate-Uke and stiip-Uke heating elements. It should be 

15 apparent that the heating device according to tiie invention can be used in numerous 
appUcations and can be of very varied design. 
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Claims 



1. 



Device for heating liquids, comprising: 



20 



25 



a first liquid container for liquid for heating, and 
a heating element connected to the first liquid container, 
characterized in that 

the heating element is coupled to a second liquid container, which second liquid 
container is at least partially filled with an intemiediary liquid, and wherein heat 
transfer from the heating element to the liquid for heating takes place at least 
substantially via the intermediary liquid, 

2. Device as claimed in claim 1, characterized in that the second liquid container 
forms a physical separation between the heating element and the first liquid container. 

3. Device as claimed in either of the claims 1 or 2, characterized in that the heating 
element is at least substantially enclosed by the second liquid container. 

4. Device as claimed in any of the foregoing claims, characterized in that the 
intermediary liquid is formed at least substantially by water. 

5. Device as claimed in any of the foregoing claims, characterized in that an 
underpressure is present in the second liquid container at room temperature and under 
atmospheric conditions. 

6. Device as claimed in any of the foregoing claims, characterized in that the 
second liquid container is at least partially deformable at a relatively high temperature 
of the intermediary liquid. 

7. Device as claimed in any of the foregoing claims, characterized in that the 
heating element is positioned at a distance from the first liquid container. 



8. Device as claimed in any of the foregoing claims, characterized in that the 
device is provided with a safety provision to prevent overheating of the device. 
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9. Device as claimed in any of the foregoing claims, characterized in that the 
second Uqmd container is provided at least partially with a profiled surface. 



5 10. Device as claimed in any of the foregoing claims, characterized in that the 
second liquid container takes an at least substantially rod-like form. 

1 1 . Device as claimed in any of the foregoing claims, characterized in that the 
second Uquid container is manufactured at least partially from a relatively smooth 
10 stainless steel. 



12. Device as claimed in any of the foregoing claims, characterized in that the 
heating element is connected non-releasably to the second liquid container. 

15 13. Device as claimed in any of the claims 1-1 1, characterized in that the second 
liquid container is connected releasably to the heating element 

14. Device as claimed in any of the foregoing claims, characterized in that a seal is 
arranged between the second liquid container and the heating element. 

20 



15. Assembly of a heating element and a second liquid container for use in a device 
as claimed in any of the claims 1-14. 
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